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ABSTRACT

Burning, Flaming and Herbicides for Control
of Jointed Goatgrass
(Aegil ops cylindrica Host.)

by
Blake D. Willis, Master of Science
Utah State University, 1990
Major Professor:
Department:

Dr. Steven A. Dewey

Plant Science

Winter wheat stubble and dried plant residue in
Conservation Reserve Program (CRP) fields were burned in the
fall and spring to evaluate effects on jointed goatgrass
(Aegilops cylin dr ica Host.)

seed survival and germination.

Laboratory studies were also conducted to determine minimum
temperatures and heat duration needed to reduce jointed
goatgrass seed viability.

Maximum air temperatures attained

during various field burns reached from 74 C to over 700 C.
Temperatures 2.5 em above the soil surface remained above
400 C for over 10 seconds and above 600 C for 2 to 8 seconds
in burning CRP stubble.

Results for the winter wheat

stubble location were similar with temperatures sustained
above 400 C for over 30 seconds.
Seed exposure in the lab to 400 and 600 C flames for 1
second reduced germination to 20 and 15 percent,

X

respectively.

Germination was reduced to zero with

exposures of 10 seconds or more.

Oven temperatures of 150 C

reduced germination to 85, 57.5, 17.5, 0 and 0 percent for
exposures of 20, 30, 60, 120 and 300 seconds, respectively.
At 275 C oven temperature germinability dropped to 50% after
a 10 second exposure and 0% after a 20 second exposure.
Jointed goatgrass plant populations were reduced 54 to
92% after field burning in the spring or fall.

Fall burning

provided 70 to 85% control of goatgrass the following
spring.

In non-burned non-disked plots over 90% of emerging

plants germinated from seeds on the soil surface.

In burned

non-disked plots few seeds germinated from on the surface,
with 80 to 90 percent of surviving plants having germinated
from buried seed.
Herbicides provided limited control of jointed
goatgrass.

None of the herbicides provided greater than 50%

control.
(79 pages)

INTRODUCTION

Jointed goatgrass has become a serious problem in
winter wheat producing areas of Utah.

This relative to

wheat has invaded roadsides, fence rows and wastelands
reducing productivity and land value.

Germinating in the

fall when moisture levels are adequate, jointed goatgrass
reduces winter wheat yields by competing for water and
nutrients.

It germinates over a wide range of temperatures

above 2 C and will emerge from seeds on the soil surface or
from depths of up to 7 em.
There are no currently registered herbicides that
satisfactorily control jointed goatgrass without damaging
small grain crops.

Alternate control methods are needed to

help combat this invading weed.
The primary objective of my research was to determine
whether burning crop residue contaminated with jointed
goatgrass seeds could help control this invading weed.
Several studies were conducted to evaluate the effect of
burning on jointed goatgrass seed survival and germination.
Field trials were initiated in winter wheat stubble and
Conservation Reserve Program (CRP) fields to determine
temperature extremes and heating duration in burning stubble
and to assess whether burning could reduce subsequent
jointed goatgrass populations.

These studies were done both

in the fall and spring to determine the best season to burn.
Laboratory flame exposure and oven studies were also done to
determine the effect of specific temperatures and exposure

2

durations on jointed goatgrass seed germinability.
Two additional field studies were established to test
herbicides and rates that might selectively control jointed
goatgrass in winter wheat.
The specific objectives of my research were:
1)

To determine temperatures attained while burning

fields of Conservation Reserve Program (CRP) residue
and winter wheat stubble.
2)

To determine heat exposure durations in burning CRP

and winter wheat stubble.
3)

To determine the minimum temperatures and exposure

periods needed to destroy jointed goatgrass seed
germinability under laboratory conditions.
4)

To determine the actual effects of field burning on

subsequent jointed goatgrass germination and plant
densities.
5)

To determine if currently available herbicides will

selectively control jointed goatgrass in winter wheat
without damaging the wheat crop.
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LITERATURE REVIEW
Jointed goatgrass ( Aegilops cylindrica Host.) is a rapidly
spreading winter annual weed in utah and other winter-wheatproducing states (7) .

It was introduced in grain shipments

from Asia to the Pacific Northwest around the turn of the
century (1,27) and to the midwest in the early 1930s (11).
Jointed goatgrass presently exists in most major wheatp roducing states, demonstrating its capacity to adapt over a
wide range of environments (14,20).

The weed commonly

infests roadsides, fence rows and wastelands first
migrates to cropland and range.

and then

Studies show that jointed

goatgrass appears to be increasing in non-irrigated fall
grain areas of the Northwest (20,33).
Most jointed goatgrass seed germinates in the fall
after adequate moisture is received.
germinate in the spring.

Lesser amounts may

Its vegetative growth and

reproductive development mirror that of winter wheat (7).
Mature jointed goatgrass can be nearly the same height as
winter wheat, causing problems in harvesting since some of
the seeds shatter and fall to the ground to complete another
life cycle while others are harvested along with the grain.
Cleaning jointed goatgrass out of small grains is difficult
by conventional methods.
Jointed goatgrass germinates in temperatures from 2 C
to 40 c, with an optimum temperature range from 10 to 30 C

4

(11).

Germination occurs from seeds on the soil surface or

buried to a depth of up to 13 em, but seedling emergence
usually occurs from no deeper than 5-7 em (7,11,20,39).
Germinated seeds deeper than 7 em apparently deplete
available food reserves before emerging from the soil
(8,20).

Goatgrass seeds possess post harvest dormancy and

can remain viable in soil more than 5 years, especially when
deeply buried (7,8,30).

Seed survival in the soil, however,

decreases rapidly over the first three years.

By the third

year less than 8 percent of the seeds remain viable (8).

If

seeds are not buried by tillage or destroyed they can remain
viable on the surface to infest next years crop (8,20,30).
A tillage operation that would bury the seed below 7 em
could help to reduce seedling emergence (11,27,30).
Jointed goatgrass is generally classified as a winter
annual;

it, however, does not require vernalization to

flower.

Winter vernalization shortens the length of time

required to flower, but jointed goatgrass is not an obligate
winter annual as is winter wheat.

Imbibed seeds subjected

to a cold treatment for 8 weeks flowered in 130 days
compared to non-vernalized plants that flowered in 197 to
222 days.
jointed

Vernalization did not increase seed production of

goatgras~

although non-vernalized plants required

about 50 days longer than vernalized plants to produce
equivalent number of seed.

However, vernalization did

increase seed-head dry weight by 69 percent, compared with
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non-vernalized plants.

Under field conditions, fall-

germinated jointed goatgrass needs about 90 growing days to
flower the following spring ( 7 ).

Plants from non-vernalized

jointed goatgrass seed germinating in the spring require 7
to 8 months to begin flowering and to set viable seed and
are, therefore, unlikely to produce plants that flower and
make viable seed.

Length of vernalization determines the

time required to flower.
Jointed goatgrass and winter wheat are genetically
related and share the Q-chromosome (17).

Selective control

of jointed goatgrass with herbicides has not been successful
in winter wheat due to the genetic similarity.

Because of

this relationship control can not be achieved without
damaging small grain crops (6,11,18,25,39).

Ethiozin is

currently being evaluated and may control goatgrass under
some conditions (25,29).

Herbicides have been effective in

controlling jointed goatgrass in fallow and non-cropland
areas (6,11).
Over-winter survival of jointed goatgrass may be as
high as 80 percent.

Of several Aegilops and Triticum species

studied in field experiments in Canada, the greatest degree
of winter hardiness was found in the polyploid Aegilops
species, particularly A. cylindrica possessing the Q
chromosome (16).
According to USU Intermountain Herbarium records,
jointed goatgrass was first recorded in Utah in May, 1953 at
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the mouth of Provo Canyon.

Jo inted goatgrass was found in

16 Utah counties infesting 6,000 acres in a 1980 survey 1 and
in 21 counties infesting ove r 9,000 acres in 1988 (33).
Researchers believe much of the spread is from out-of-state
custom combines, contaminated seed and the introduction of
no-till and reduced tillage farming practices (7,20,).

As

no-till and reduced tillage winter wheat production (and
particularly continuous cropping practices) have become more
common for residue management, erosion control and moisture
preservation; so have many troublesome weedy grasses such as
downy brome ( Bromus tectorum ) and jointed goatgrass
(2,6,7,12,20,30,39).
Jointed goatgrass competes for valuable moisture,
reducing yields and lowering grain quality (2,7,11).
Jointed goatgrass can rob crops of water and nutrients,
reducing wheat yields 30 to 50 percent with infestations of
90 goatgrass plants per square meter (2,27).

Studies have

been done to measure the relative competitiveness of jointed
goatgrass and downy brome, showing that both have similar
growth habits and can adversely affect winter wheat yields
( 13) .
Downy brome has been a problem in \vinter wheat since
the late 1800s and by 1930 reached its present distribution
over most of the United States (19).

1

In parts of the

Chase, R.L. 1980. Utah exotic noxious weed survey.
Utah State University, annual report.
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winter-wheat-growing areas of the Pacific Northwest jointed
goatgrass appears to be replacing downy brome (13).
Studies by Fleming et al.(l3)

indicate that winter

wheat and jointed goatgrass are superior competitors
compared to downy brome.

The greater early season growth by

jointed goatgrass compared to downy brome coupled with
available herbicides to control downy brome may explain the
weed species shift observed in the Pacific Northwest.

The

competitive differences between winter wheat and jointed
goatgrass are small.

Under normal conditions of moisture

and fertility, winter wheat is slightly more competitive
than jointed goatgrass.

However, under drought conditions,

which frequ ently occur in Utah and the Pacific Northwest,
jointed goatgrass is taller and produces more tillers,
suggesting that when moisture is limited, jointed goatgrass
gains an advantage over winter wheat.

Under drought

conditions joint goatgrass becomes more competitive and
further aggravates the depressing effect of drought stress .
Winter wheat is slightly more competitive than jointed
goatgrass at low temperatures of 18/10 c dayjnight, whereas
jointed goatgrass is more competitive at higher temperatures
of 27/10 c.

Due to jointed goatgrass being more competitive

than downy brome, possibly over time, it could become more
predominant .
Many studies have been done to evaluate different
control strategies for downy brome (9,19,24,28,32).
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Management strategies for controlling jointed goatgrass in
winter wheat are limited.
following:

Researchers have suggested the

1) plant certified seed; 2) visually inspect

crop seed for jointed goatgrass contamination; 3) control
roadside or field-edge infestations with tillage or
herbicides; 4) cover trucks with a tarp when carrying grain
contaminated with jointed goatgrass; 5) delay planting of
fall wheat; 6) rotate to spring crops and 7) clean combines
and other equipment before moving into your field,
especially equipment from contaminated areas
(6,11,25,27,30).

The best available control alternative is

to prevent jointed goatgrass from becoming established.
Biological control of jointed goatgrass needs to be
further investigated.

Possible control may be limited due

to jointed goatgrass being related to winter wheat; but as
in the case with downy brome, specialized strains of some
pathogen may exist outside of the United states and may be
exploitable as biological control agents that could
selectively control or suppress goatgrass growth (24,34).
Burning may be a suitable alternative for controlling
jointed goatgrass when other methods fail or are
unavailable.

Burning has been used in attempts to control

downy brome on rangeland with varying results.

Even though

most of the downy brome seeds are destroyed by fire, some
survive and develop plants, with many seeds produced per
plant.

In one study burned areas had more plants than
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unburned areas, showing the phenotypic plasticity of downy
brome.

Density of downy brome was reduced the first year

following fire but increased dramatically the second year
from 10 plantsjm 2 to 8,000 plantsjm 2 and to 16,000 plants by
the third year (40).

Wildfire is the major agent for the

increase of this species (9).
Numerous studies have been performed on rangeland to
measure the effect that burning has on vegetation (23,37),
but few have been done on cropland (21,22).

On rangeland,

increased herbage yields, increased availability of forage,
improved wildlife habitat, control of undesirable shrubs and
annual weeds, a mineral seed-bed for establishment of
commercial trees and control of various diseases (e.g.,
liver fluke and brownspot) can all be achieved with one burn
(36,37).

By contrast, spraying with a herbicide will

control only certain plants, leaving many to compete with
desirable vegetation (37).
Prescribed burning should be well planned.

For best

results, burns should be conducted when preferred plants are
dormant.

In the southern states, spring burning favors

desired warm-season plants over cool-season plants.

By

contrast, in the Northwest fall burning is preferred to
minimize damage to the dormant cool-season plants (37).

If

burning is done in early summer, perennial bunchgrasses will
be killed, and annuals such as downy brome will increase
(38).
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Temperature of range and grassland fires varies with
the amount of fuel available.

Above the soil surface,

temperatures rise very rapidly to over 300 c, 500 C, 800 C
and even as high as 1400 C under certain heavy fuel
conditions (3,4,10,31,35).

Surface temperatures of

grassland fires vary from 80 to 700 C for fuels that vary
from 1700 to 7800 kgjha (26).

Below-soil-surface

temperatures at depths of 3 to 6 mm were 65 to 80 C and
persisted for 2 to 4 minutes and then declined rapidly.
Temperatures below 6 mm did not change even when flames were
4 m high (15). In winter wheat stubble densities of 6000
kg/ha burning temperatures reached 800 c above the soil
surface, 300-350 C on the soil surface but only 100 C at 12 mm below the soil surface.

Burning destroyed 50 to 87% of

the Alopecurus myosuriodes Huds. seeds and reduced subsequent
weed infestations (22).
Air pollution may be a concern associated with jointed
goatgrass burning.

Air-borne particulates are the primary

pollutants of fires but are short-lived.

Carbon monoxide is

a pollutant from fires but oxidizes readily and does not
pose a threat to people, plants, or animals under normal
conditions of field burning.

Forest fires,

including

wildfires and prescribed burns, produce only 8% of all air
pollutants in the United States (5).
Managing jointed goatgrass with fire may be possible
under certain conditions in a winter-wheat cropping program.
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Further investigation is needed to determine the effect of
burning on jointed goa tgrass, temperatures attained during a
burn and seed mortality.
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MATERIALS AND METHODS

Temperatures and effect of burning on jointed goatgrass.
Seven experiments were conducted in the field to evaluate
natural burning, propane flaming and herbicides for jointed
goatgrass control.

Three experiments were conducted to

measure the temperature at 2 heights above the soil surface
and 1 depth below the soil surface in burning winter wheat
stubble and CRP plant residue.

Two of the experiments were

e stablished at one location on U.S.D.A. Conservation Reserve
Program (CRP) ground near Cutler Dam, Box Elder County, Utah
(referred to as field e x periments F1 and F3) and the other
on winter wheat stubble near Petersboro, Cache County, Utah
(referred to as Field Experiment F2).

Each treatment area

was 6.1 m by 15.2 m with 6 .1 m between treatments arranged
in a randomized complete block design with 3 replications.
Temperature data were anal y zed as a 3 by 3 factorial, with
factors being thermocouple height and straw density.
Soils in field experiments F1 and F3 were a fine-silty,
mixed mesic Calcic, Pachic, Argixeroll.

Soils at the winter

wheat stubble location in Field Experiment F2 were a finesilty, mixed mesic typic Calcixeroll.
Vegetation at both the CRP and winter wheat location
was predominately jointed goatgrass (Aegilops cylindri ca ) with
scattered volunteer wheat ( Tri tic um aes tivum L.) , bulbous
bluegrass (Poa bul bosa L.), prickly lettuce (La ctuci a serriol a
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L.) and snow speedwell ( Veroni c a b i l o ba L.) plants.

Plants

were counted within a square meter area in each plot on
August 23, 1988.

The average numbers of tillers and plants

per square meter are listed in Table 1.
Treatments in field experiments Fl, F2 and F3 consisted
of tillage andjor burning straw residue in the fall or
spring.

Plant residue was adjusted by adding wheat straw to

obtain 3 levels representing expected levels for winter
wheat and CRP yields in this area.

Treatments established

in each experiment are listed in Tables 2 through 4 .
Existing straw density was determined by removing and
weighing the above-ground plant residue in 3 representative
square-meter blocks .

Straw moisture level was

approximately 10 percent.
Type E, 24 gauge, glass braided, thermocouple (TC)
wires attached on two steel stakes were used to measure the
air and soil temperature in each plot during the burns
(Figure 1).

Six TC wires per plot were used in both fall

field experiments Fl and F2.

Thermocouples were positioned

1)

2.5 em above the soil and 3)

30 em above the soil, 2)

2.5 em below the soil surface, with 2 thermocouples at each
height.

The conclusions drawn from the fall burning

justified two additional thermocouples at the soil surface
in the subsequent Field Experiment, F3.

All thermocouple

junctions were positioned 10 em out from the supporting
steel stake to prevent the stake from affecting the

14

Table 1.
Tiller and plant counts for field experiments Fl
and F2 prior to burning.

Plants/m 2

Tillers/m 2
Location

AEGCY 1

Cutler Dam
Petersboro

933

0

17

775

30

0

TRAZX

1

POABU 1

LACSE 1
4
4

VERBI 1
25
35

1
Approved WSSA codes for jointed goatgrass, volunteer
wheat, bulbous bluegrass, prickly lettuce and snow
speedwell, respectively.

Table 2.

Treatments established in Field Experiment Fl.

Treatment #
1

2
3

Stubble
density tjha
3.0
3.0
3.0

5

5.5
8.5

6

3.0

4

Stubble
Burned
No
No
Yes
Yes
Yes
Yes

management
Tillage
none
disk
none
none
none
disk

Tillage
date
8-28-1988

11-8-1988
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Table 3.

Treatments established in Field Experiment F2.

Treatment #
1
2
3
5
6

4

management
Tillage

No
No
Yes
Yes
Yes
Yes

none
disk
none
none
none
disk

Tillage
date
8-28-1988

11-8-1988

Treatments established in Field Experiment F3.

Treatment #
1
2
3

Stubble
Burned

5.0
5.0
5.0
8.0
10.5
5.0

4

Table 4.

Straw density
t j ha

Straw density
t;ha
3.0
3.0
5.5
8.5

Stubble
Burned

management
Tillage

No
Yes
Yes
Yes

none
none
none
none
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--/

Steel stake

Thermocouple junction

/

30 em

Thermocouple
supports

Soil

\

'"''''"~

Buried

the~ocouple

2.5 em
0.0 em
-2.5 em

wires

Figure l.
Diagram of steel stake showing thermocouple
positions during spring burns at Cutler Dam (Field Experiment
F3).
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temperature measurements.
The two steel stakes were positioned approximately 3
meters apart in each plot.

The thermocouple junctions were

positioned upwind of the steel stakes with the thermocouple
wire buried on the downwind side to prevent any possible
effects the disturbed soil might have on temperature
readings.

Plots were ignited with a propane weed-burning

torch on the upwind edge of each plot and then around one
side to the downwind side to act as a backfire break.
Flames from the upwind front reached the thermocouples
before the backfire did.
Wires were attached to a 21X Campbell Scientific
micrologger (data logger) programmed to measure the
temperature of each thermocouple 10 times per second and
record the maximum temperature for every 3-second period.
Thermocouple junctions were approximately 10 meters from the
data logger.

The data logger recorded the temperature

during the entire burn of each plot.
Air temperature was 32 c with a relative humidity of
25% and a slight breeze coming from the south at 0 to 1.3
mjs at the time of burning in both fall field experiments Fl
and F2.

,Jointed goatgrass was 30 to 45 em tall and

completely senescent.

There was no green vegetation at

either location.
For the spring Field Experiment F3, air temperature was
25 C, dropping to 15 c by the end of the burn.

Winds were
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out of the north and west at 2.2 to 4.5 mjs.

Relative

humidity was 60 percent with mostly cloudy skies.

Jointed

goatgrass plants were 10 to 20 em tall in the boot stage.
Plots were burned on August 30, 1988, for both field
experiments F1 and F2 and on May 30, 1989, for Field
Experiment F3.

No measurable precipitation fell between

burning and disking of treatment 6 in both field experiments
F1 and F2.
Jointed goatgrass tillers were counted in one randomly
selected square meter area within each plot in all three
experiments on May 20, 1989.

These areas were marked and

all subsequent counts were done in the same subplot.

Counts

of all grass tillers and broadleaf weeds were done on June
14, 1989.

Jointed goatgrass plants were counted July 6 and

removed from the soil to determine if they had germinated
from seed on the soil surface or from seed below the soil
surface.

In all cases percent control was calculated based

on comparisons with numbers in the non-burned, non-disked
control plots.
A fourth experiment (Field Experiment F4) initiated
June 21, 1989, on rangeland infested with medusahead rye
(Taeni.atherum caput-medusae (L.)

Nevski) was done to measure the

flame temperature of a liquid propane, boom-type weed
burner.

This was done to see if it would be a feasible

treatment for controlling jointed goatgrass in range, CRP or
stubble fields where existing straw levels may not be heavy
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enough to carry a flame, when green vegetation may prevent
burning or when higher temperatures are needed.
Thermocouples were used to measure the temperature of the
flame 30 and 2.5 em above the soil surface, directly at the
soil surface and 2.5 em below the surface as described for
field experiments F1, F2 and F3.
three times.

Each burn was replicated

No other measurements were taken.

Field Experiment F5 was initiated July 6, 1989, on the
same winter wheat stubble field as experiment F2 to measure
the temperature 30, 15, 2.5, 1.0, 0.1, 0, -1.0 and -2.5 em
from the soil surface in burning stubble.
replicated 3 times.

This study was

Stubble density was 5 tons per hectare.

Thermocouple wire and a 21X data logger were used to measure
and record the temperature as described for field
experiments F1, F2 and F3.
Effect of temperature on seed germination in petri dishes.
Five laboratory experiments were conducted to determine
temperatures or flame duration needed to reduce jointed
goatgrass germinability.

In preliminary Lab Experiment L1,

jointed goatgrass seeds were exposed to a Bunsen burner
flame for various lengths of time, and percent germination
was calculated based on comparison with a control.

Jointed

goatgrass seeds were counted into lots of 10 seeds and
placed in envelopes.

Envelopes were randomly selected and

assigned treatment numbers.

Each lot of 10 seeds was placed

on a wire mesh screen and held 7 em above the flame for o,
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1, 3, 5, 10, 30 or 60 seconds representing treatments 1
through 7, respectively.
times.

Each treatment was replicated 4

Seeds were immediately removed from the screen after

flaming and returned to the envelopes until all treatments
were completed.

Seeds were germinated on filter paper disks

wetted with distilled water in 10-cm-diameter petri dishes.
Moisture was added to the dishes when needed.

Seed

germinability was recorded 14 days after flame exposure.
Seeds were considered germinated when the radicles were 3 mm
long.

The procedure was repeated one month later as

described above and was called Lab Experiment L2.
One year later, Lab Experiment L3 was initiated
following the same procedure as in L1 and L2, except that a
data logger and 3 thermocouples were used to monitor actual
flame temperature.

Flame temperatures were adjusted to 400

and 600 degrees celsius.

Goatgrass seeds were then exposed

to flames for o, 1, 3, 5 and 10 seconds, with the percent
germination recorded after 14 days.

Treatments were

replicated 4 times.
In Lab Experiment L4, jointed goatgrass seeds were
placed in a forced-air, electric oven (series 204
manufactured by Varen Instrument Ccmpany with temperature
variation of plus or minus 3 degrees celsius) for different
lengths of time at various temperatures.

Jointed goatgrass

seeds were randomly selected as outlined above before being
subjected to flame treatments.

Lots of 10 seeds were placed
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on a wire mesh screen and placed in the oven for 5, 10, 15,
20, 30, 60, 120 and 300 seconds at 25, 45, 65, 85, 105, 150,
200 and 275 C.

Each treatment was replicated 4 times.

25 C exposures served as controls for the experiment.

The
Seeds

were immediately removed from the oven and placed in
envelopes.

The 10 seeds of each treatment were placed in

petri dishes as described above.

Seed germination was

recorded at several intervals up to 14 days after exposure.
In Lab Experiment L5, joined goatgrass spikelets were
drilled out with a 1.59-mm drill bit, and a thermocouple was
inserted to measure internal spikelet (seed) temperature
during exposure to a 400-C flame.

A second thermocouple was

placed on the outside of the spikelet to measure the
corresponding external temperature.

Spikelet and

thermocouples were placed in the flame and held until the
spikelet began to burn and fall off.
approximately 10 seconds.

The length of time was

This was replicated 4 times.

Internal and external temperatures were recorded using a
data logger as described above.
Field herbicide trials.

Field experiments F6 and F7 were

established in winter wheat to evaluate herbicides for
control of jointed goatgrass.

Field Experiment F6 was

established April 15, 1988, near Lehi, Utah.

Herbicides

were applied postemergence to winter wheat with a
compressed-air bicycle sprayer delivering 187 Ljha and 207
kPa.

Individual treatments included a non-treated check;
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0.426 kg aijha of rnetribuzin; 0.28 kg aijha of rnetribuzin
plus 0.84 kg aijha of ethiozin; 0.28 kg aijha of rnetribuzin
plus 1.12 kg aijha of ethiozin; and 1.12, 1.4 and 1.68 kg
aijha of ethiozin.

The winter wheat was in the 3-4 leaf

stage and the jointed goatgrass was in the 2-3 leaf stage.
Total ground cover was 30 percent, composed of 90 percent
winter wheat and 10 percent jointed goatgrass.

Plots were

3.66 meters wide by 9.1 meters long and arranged in a
randomized complete block design with 4 replications.

The

experiment was established under dryland conditions.
Precipitation prior to application (from September to April)
was only 2.54 ern with no measurable precipitation for 3
weeks following the application.

Application data for

experiment F6 is shown in Table 5.
Performance was evaluated by counting jointed goatgrass
plants per square meter.

Plant counts were done 35 days

after herbicide application on May 20, 1988, in 2 randomly
selected square-meter areas within each plot.
Field Experiment F7 was established April 1, 1989, near
Logan, Utah.

Herbicides were applied posternergence to

winter wheat (variety Hansel) with a compressed-air bicycle
sprayer delivering 149.5 Ivha at 207 kPa.
for experiment F7 are shown in Table 6.

Application data
Individual

treatments included an untreated check, 1.68 and 2.24 kg
aijha of ethiozin, 1.68 kg aijha of ethiozin plus 0.11 kg

aijha of rnetribuzin, 1.12 and 2.24 kg aijha of diuron, 0.28
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Table

s.

Application data for Field Experiment F6.

Application date
Airjsoil temp. (C)
Relative humidity %
Wind speed/direction
Skyjsoil conditions
Soil texture
sandjsil tjclay %
pH
OM %

Table 6.

4-15-1988
16/10
35
1. 3-2. 6/W
clear/dry
laom
43 / 44 / 13
8.0
1.5

Application data for Field Experiment F7.

Application date
Air/soil temp. (C)
Relative humidity %
Wind speed/direction
Skyjsoil conditions
Soil texture
Sand/silt/clay %
pH
OM %

4-1-1989
7/4
80
1.3-3.1/W
cloudj wet
laom
39/46/15
7.2
< 1
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and 0.56 kg ai/ha of oxyfluorfen and 0.07 and 0.14 kg aijha
of cyanazine.

Both the winter wheat and jointed goatgrass

were 1.5 to 5.0 em tall and at the 1-leaf stage.

Total

ground cover was 15 percent, consisting of 85 percent winter
wheat and 15 percent jointed goatgrass.

Plots were 3.66

meters wide by 9.1 meters long and arranged in a randomized
complete block design with 4 replications.
was established under dryland conditions.

The experiment
Precipitation

prior to application (from September to April) was 7.62 em.
It rained and snowed within 12 hours after application and
continued for 3 days.
Performance was evaluated by counting jointed goatgrass
plants per square meter and visual percent stand reduction.
Goatgrass plants were counted 60 days after herbicide
application on May 30, 1988, in one randomly selected square
meter area per plot.
based on counts.

Percent stand reduction was calculated

On August 1, 1989, percent control and

percent stand reduction were estimated by walking through
each plot and visually rating each treatment.
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RESULTS AND DISCUSSION
Temperatures and effects of burning on jointed goatgrass.
Temperatures recorded over time in 3 tjha of burning CRP
stubble in Field Experiment F1 are shown in Figure 2.

Air

temperatures at both the 2.5 and 30 em heights climbed
rapidly to over 500 degrees during a 10- to 15-second
interval and then gradually returned to normal.

Soil

temperature at the 2.5-cm depth remained nearly constant.
Temperatures recorded in 5.5 and 8.5 t;ha of stubble are
shown in Figures 3 and 4.
Figures 5, 6 and 7 demonstrate temperatures in 5.0, 8.0
and 10.5 tjha of burning wheat stubble in Field Experiment
F2.

Air temperatures 2.5 and 30 em above the soil surface

climbed rapidly to over 500 c during a 15-second interval
and then gradually returned to normal.

Soil temperatures at

the 2.5-cm depth remained nearly constant.
Maximum air temperatures attained during each burn and
the duration of specific minimum temperatures were
considered critical elements in this study.

Table 7 shows

the maximum air and soil temperatures achieved during Field
Experiment Fl at the Cutler Dam CRP location.

Burning 3.0

tjha of CRP stubble resulted in an average maximum air
temperature of 325 c at the 30-cm height, significantly
lower than the 5.5 and 8.5 tjha CRP stubble temperatures,
which reached 521 and 600 c, respectively.
temperatures 2.5 em above the soil were

Maximum

significantly
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Air and soil temperatures during combustion of 3.0 tjha of CRP stubble in
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Air and soil temperatures during combustion of 5.5 tjha of CRP stubble in
Field Experiment Fl.
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Air and soil temperatures during combustion of 10.5 tjha of wheat stubble
in Field Experiment F2.
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Table 7.
Maximum air and soil temperatures in burning CRP
stubble in the fall at Cutler Dam (Field Experiment Fl) .

Height (em)
Stubble
management

Stubble
density t j ha

Non-burned check
Fall burned
Fall burned
Fall burned

3.0
3.0
5.5
8 .5

30

2.5

35c
325b
52la
600a

Degrees
4lc
465b
560ab
602a

-2.5

c'
33a
36a
47a
50 a

1
Means within columns followed by the same letter are
not significantly different at the 5% level according to
Duncan's multiple range test.

33
different between 3 . 0 and 8.5 t j ha straw levels, the maximum
temperatures averaging slightly hotter than temperatures
recorded at the 30-cm height.

Peak air temperature 2.5 em

above the soil surface in 3.0 t j ha of CRP stubble was 465 c,
while maximum temperatures in 5.5 and 8.5 tjha of stubble
reached 560 and 602 C, respectively.

Temperatures in the

soil did not change significantly during the burn at any
stubble density.
Maximum air temperatures in Field Experiment F2 (winter
wheat) were slightly higher than at the CRP location with no
significant differences between air temperatures at the
various straw densities and heights.
550 to 600 C (Table 8).

Temperatures reached

At the 30-cm height, peak

temperature reached 544 c in 5.0 t j ha of wheat stubble, not
significantly different from maximum temperatures in 8.0 and
10.5 tjha of straw which averaged 573 and 546 C,
respectively.

Peak air temperatures 2.5 em above the soil

were not different from temperatures at the 30-cm height,
with no significant differences between straw levels.

Soil

temperatures in winter wheat stubble did not change
significantly.
Table 9 shows the length of time that air temperatures
2.5 em above the soil surface were maintained above 400 and
600 C in Field Experiment Fl.
above 400

c

Temperatures were sustained

for 13, 25 and 51 second in 3.0, 5.0 and 8.5

t j ha of stubble, respectively.

Duration above 600 C ranged
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Table 8.
Maximum air and soil temperatures in burning
winter wheat stubble in the fall at Petersboro (Field
Experiment F2) .

Height (em)
Stubble
management

Stubble
density t j ha

Non-burned check
Fall burned
Fall burned
Fall burned

3.0
5.0
8.0
10 . 5

30

2.5

38b
544a
573a
546a

Degrees
40b
545a
535a
535a

-2.5

c'
36a
47a
53 a
47a

1
Means within columns followed by the same letter are
not significantly different at the 5% level according to
Duncan's multiple range test.

Table 9.
Number of seconds temperatures were maintained at
or above 400 and 600 C 2.5 ern above soil surface in Field
Experiment Fl.

Temperature
Stubble
management

Stubble
density t jha

600

400
Seconds

Non-burned check
Fall burned
Fall burned
Fall burned

3.0
3.0
5.5
8.5

Ob
13ab
25a
51 a

1

Oa
2a
4a
sa

1
Means within columns followed by the same letter are
not significantly different at the 5% level according to
Duncan's multiple range test.
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from 2 to 8 seconds for all stubble densities.
In Field Experiment F2 (Table 10) temperatures were
sustained above 400 C for over 30 seconds at all stubble
densities.

Duration above 600 C was considerably less,

dropping to 4, 2 and 12 seconds for the 5.0, 8.0 and 10.5
tjha stubble densities, respectively.
Temperatures from burning in the spring (Field
Experiment F3) were generally lower than in the fall
studies, due in part to the presence of considerable green
vegetation at the time of burning.

Figure 8 shows air and

soil temperatures over time at selected heights and depths
during combustion of 3.0 tjha of CRP stubble at cutler Dam.
Figures 9 and 10 show temperatures over time at each height
for 5.5 and 8.5 tjha of CRP stubble.

Table 11 contains

maximum temperatures in 3.0, 5.5 and 8.5 tjha of burning
straw.

Maximum temperatures exceeded 500 C 2.5 em above the

soil surface at stubble densities of 5.5 and 8.5 tjha.
Maximum air temperatures at other heights and stubble
densities did not exceed 300 c in the spring burns.

Table

12 lists the duration of time temperatures were maintained
at or above 400 and 600 C, 2.5 and 0.0 em above the soil
surface.

Temperatures exceeded 400 C for 25 seconds or more

in 5.5 and 8.5 tjha of burning straw.

No temperatures

reached 600 C for any treatment.
Maximum temperatures achieved in Field Experiment F4
using liquid propane were only 482 and 288 C at the 2.5 and
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Table 10.
Number of seconds temperatures were maintained at
or above 400 and 600 C 2.5 em above soil surface in Field
Experiment F2.

Temperature (C)
stubble
management

Stubble
density t/ha

600

400
Seconds

~on-burned

Fall burned
Fall burned
Fall burned

check

5.0
5.0
8.0
10.5

Ob
3lab
35a
48a

1

Oa
4a
2a
12a

1
Means within columns followed by the same letter are
1ot significantly different at the 5% level according to
)uncan's multiple range test.
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Table 11. Maximum air and soil temperatures in burning CRP
stubble in the spring at Cutler Dam (Field Experiment F3).
Height (em)
Stubble
management

Stubble
density t j ha

Non-burned check
Spring burned
Spring burned
Spring burned

3.0
3.0
5.5
8 .5

30

2.5

0.0

-2.5

Degrees c'
27c
24b
247b
74b
525a
248a
532a
273a

25b
82b
264a
264a

23a
27a
23a
23a

' Means within columns followed by the same letter are
not significantly different at the 5% level according to
Duncan's multiple range test.

Table 12. Number of seconds temperatures were maintained at
or above 400 and 600 c 2.5 and 0.0 em above soil surface in
Field Experiment F3.
Temperature (C)
Stubble
management

Stubble
density t jha

2.5cm
Non-burned check
Spring burned
Spring burned
Spring burned

3.0
3.0
5.5
8.5

600

400

Ob
Ob
27a
4la

Seconds'
O.Ocm
2.5cm
0
0
0
0

0
0
0
0

o.ocm
0
0
0
0

1
Means within columns followed by the same letter are
not significantly different at the 5% level according to
Duncan's multiple range test.
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0.0 em heights, respectively.

Figure 11 shows the

temperatures recorded over time in Field Experiment F4 at 4
heights, and Table 13 contains maximum temperatures at all
heights monitored.

Thirty em above the soil maximum air

temperatures reached 251 c.

Soil temperatures reached 37 C

and then remained constant throughout the remainder of the
burn.

Air temperature remained over 400 C at the 2.5 em

height for 4.1 seconds, with no temperatures at any height
reaching 600 C (Table 14).
Field Experiment F5 demonstrated the gradient of air
and soil temperatures occurring over 8 height/depth
positions during a typical winter wheat stubble field burn,
helping to better define how temperature changed as distance
from the soil surface increased.

Figure 12 shows

temperatures recorded over time at 8 levels.

Maximum

temperatures were similar to other field experiments, with
peak air temperatures near 600 c, 2.5, 15 and 30 em above
the soil surface (Table 15).

Maximum temperatures were over

400 C 1 mm and 1 em above the soil surface.

Temperatures

were lower near the soil, possibly due to the large heat
sink presented by the soil.

Duration of temperatures at or

above 400 and 600 C at each height are listed in Tables 16
and 17.

Temperatures above 400 c were maintained for as

long as 60 seconds at the 2.5 em height and 16 seconds at
the 0.1 em height.
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Table 13. Maximum air and soil temperatures achieved under
moving liquid-propane torches during Field Experiment F4.

Height (ern)
Stubble
management
Burned

Stubble
density t j ha
Not
measured

30

2.5

0.0

-2.5

Degrees c'
482a
288a

251a

37b

1
Means within a row followed by the same letter are not
significantly different at the 5% level according to
Duncan's multiple range test.

Table 14.
Number of seconds temperatures were maintained at
or above 400 and 600 C 2.5 and 0.0 ern above soil surface in
F:eld Experiment F4.

Temperature (C)
Stubble
management

Stubble
density t j ha

400
2.5cm

BLrned

Not
measured

4.la

600

Seconds'---------O.Ocrn
2.5cm O.Ocrn
Oa

oa

Oa

1
Means within a row followed by the same letter are not
sjgnificantly different at the 5% level according to
Dcncan's multiple range test.
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Table 15.
Maximum air and soil temperatures in burning
winter wheat stubble in the summer at Petersboro (Field
Experiment F5).

Height (em)
Stubble
density
t/ha

30

15

2.5

1.0

0.0

0.1

-1.0

-2.5

1

5 .5

687a

712a

594ab

Degrees C - - - - - - - - - - - - - - - - - - - - - - 43e
527bc 407c
228d
64e

1
Means within a row followed by the same letter are not
significantly different at the 5% level according to
Duncan's multiple range test.

Table 16.
Number of seconds temperatures were maintained at
or above 400 c at 8 points above and below the soil surface
in Field Experiment F5.

-----------------------------------Height (em)

Stubble
density
tjha

30

15

2.5

1.0

0.1

0.0

-1.0

-2.5

Od

Od

Od

1

5.5

17c
1

29bc

60a

Seconds
38b
16c

Means within a row followed by the same letter are not
significantly different at the 10% level according to
Duncan's multiple range test.
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Table 17. Number of seconds temperatures were maintained at
or above 600 C at 8 points above and below the soil surface
in Field Experiment F5.
Height (em)
stubble
density
t / ha
30
5.5

9ab
1

15
15a

2 .5
5bc

1.0

0.1

Seconds
5bc
Oc

0.0

-1.0

-2.5

Oc

Oc

Oc

1

Mea ns within a row followed by the same letter are not
significantly different at the 5% level according to
Duncan's multiple range test.
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Effect of temperature on seed germination in petri dishes.
In a preliminary study designated Lab Experiment L1,
exposure of jointed goatgrass seeds to a flame for 1 second
or more significantly reduced germinability.

Germination

was reduced to 27.5 percent after exposure to a flame for 1
second, 5 percent after a 3-second exposure and to zero at
all other exposure times.

This compared to 97.5 percent

germination in comparable control groups.

Lab Experiment L2

demonstrated similar results with 100 percent germination in
control groups and 33, 12.5 and 0 percent germination after
1, 3 and 5 second exposures to a flame, respe c tively.
After it was learned that temperatures in burning
stubble in the field reached 600 C and exceeded 400 C in
most cases, Lab Experiment L3 was initiated to determine
germinability of jointed goatgrass seeds exposed to these
specific flame temperatures.

One hundred percent

germination was recorded in the control group, with
germination dropping to 20 and 15 percent after a 1-second
exposure at 400 and 600 c, respectively.

Germination after

a 3-second exposure was 15 and 0 percent at 400 and 600 c,
respectively; 5 and 0 percent germination after a 5-second
exposure and 0 percent at both temperatures if seed was
exposed for 10 seconds.
The oven study, Lab Experiment L4, showed no effect on
goatgrass seed germinability after 20- to 300-second
exposure to temperatures from 25 to 105 c.

Oven

48
temperatures of 150 c reduced germination to 85, 57.5, 17.5,
0 and 0 percent after exposure for 20, 30, 60, 120 and 300
seconds, respectively.

At 200 C germination dropped to 0

percent after exposure for 60 seconds or more.

At 275 C

germinability dropped to 50 percent after a 10-second
exposure and 0 percent after a 20-second exposure (Table
18).
The caryopsis of jointed goatgrass is covered by
glumes, lemma and palea, which may insulate the seed to some
degree.

An experiment was initiated to determine the

internal caryopsis temperature when spikelets are exposed
directly to a flame.

Internal temperatures climbed slowly

when compared to the external temperature, which reached
over 500 c in about 6 seconds.

Internal temperature at 6

seconds was less than half the external temperature with an
average of 229 c.

Peak internal temperature was only

slightly higher at 249 c about 3 seconds behind external
peak temperature (Figure 13).
Based on air temperatures achieved in our field burn
studies and the known effect of similar temperatures on
goatgrass germinability in the laboratory, it was predicted
that field burning might significantly reduce the number of
goatgrass seedlings emerging during the following season if
a considerable number of those seedlings would normally
emerge from seed situated on or above the soil surface at
the time of burning.

Plant counts in burned plots in 1989
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Table 18. Germination of jointed goatgrass seeds exposed to
oven temperatures in Lab Experiment L4.
Temp.

c
25
45
65
85
105
150
200
275

Exposure time (seconds)
5
98a
100a
95a
100a
100a
100a
95a
aaa

10
95a
95a
90a
93a
95a
93a
93a
SOb

15
98a
100a
lOOa
98a
100a
100a
60b
Be

20

30

% Germination '
lOOa
98a
90a
lOOa
100a
lOOa
98a
98a
100a
95a
85b
58b
25c
15c
Od
Od

60
98a
95a
95a
98a
98a
18b
oc
Oc

120

300

lOOa
95a
100a
95a
93a
Ob
Ob
Ob

93a
98a
lOOa
95a
90a
Ob
Ob
Ob

1
Means within columns followed by the same letter are
not significantly different at the 5% level according to
Duncan's multiple range test.
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Figure 13.
External and internal t e mp e rtures o f jointed g oa tgrass seed exposed for
10 seconds to a 400 c flame.
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substantiated this hypothesis.
In Field Experiment Fl, goatgrass seedling counts in
the non-burned non-disked treatment averaged 843 tillers per
square meter on May 20, 1989.

All burned treatments

provided 80 percent control or greater with 64 to 160
tillers per square meter (Table 19).

By June 14, jointed

goatgrass tillers averaged 295 per m2 in plots where 3.0
t j ha straw stubble had been burned the previous fall.

This

2

compared to 933 tillers per m in the non-burned non-disked
treatment (68 percent control).

Fall burning resulted in

180 and 172 jointed goatgrass tillers per square meter in
the 5.5 and 8.5 tjha stubble density plots, respectively,
providing 81 and 82 percent control.

In non-burned disked

plots, jointed goatgrass tillers numbered 1,023 in May and
increased slightly to 1,061 per square meter by June 14,
1989 (Table 19).
Where burning was followed by disking (treatment 6),
early counts and visual observation indicated good jointed
goatgrass control.
averaged 160/m

2

On May 20 jointed goatgrass tillers

compared to the non-burned non-disked

treatment with 843 tillers per square meter (over 80 percent
control).
By July, jointed goatgrass plant densities in the nonburned non-disked treatment plants numbered over 1,100 per
square meter.

Ninety percent of these plants had germinated

from seed on the soil surface.

There were 140 plants per
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Table 19. Jointed goatgrass tillers per square meter at
Cutler Dam following fall stubble management practices
(Field Experiment F1).

Stubble
management
Non-burned
check
Non-burned
disked
Fall burned
Fall burned
Fall burned
Fall burned
dis ked
1

Stubble
density t j ha

May 20, 1989 1

June 14, 1989 1
933a

3.0

843b

3 .0
3 .0
5.5
8.5

1023a
143c
123c
64c

1061a
295bc
180c
172c

3.0

160c

520b

Means within columns followed by the same letter are
not significantly different at the 5% level according to
Duncan's multiple range test.
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square meter in the 3.0 tjha burned treatment, only 18
percent germinating from seeds on the soil surface.

The 3.0

tjha straw stubble treatment provided 87 percent control of
jointed goatgrass plants.

Jointed goatgrass was obviously

able to partially compensate for reduced plant populations
by increased tillering (Table 20) .
Burning 5.5 t j ha of CRP stubble in the fall resulted in
107 jointed goatgrass plants per square meter on July 6,
1989, providing 90 percent control of jointed goatgrass
plants and 81 percent control of tillers.

Fourteen percent

of jointed goatgrass germinated from seeds on the soil
surface.
In the 8.5 tons stubble per hectare plots there were 52
plants per square meter (95 percent control), with 10
percent of the plants having germinated from seed on the
soil surface.

Jointed goatgrass tillers numbered 172 per

square meter showing its ability to increase tillering when
plant population is reduced.

Plants in the non-burned non-

disked treatments produced one tiller per plant, whereas
plants in the fall burned disked treatments produced 5.7
tillers per plants (data not shown).
Broadleaf weed populations were increased in all burned
treatments in Field Experiment F1 (Table 21).

There were

600 plants per square meter in plots where 5.5 tjha straw
stubble had been burned the previous fall, compared to 30
broadleaf weeds per square meter in the non-burned non-
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Table 20.
Number of jointed goatgrass plants per square
meter germinating above and below the soil surface on July
6, 19B9, at cutler Dam (Field Experiment F1).

Stubble
mangaement
Non-burned
check
Non-burned
dis ked
Fall burned
Fall burned
Fall burned
Fall burned
dis ked

stubble
density tjha

Below soil
surface'

On soil
surface'

Total 2

3.0

115b

9B9a

1104a

3.0
3.0
5.5
B.5

B59a
115b
92b
47b

41b
25b
15b
5b

900a
l40b
107b
52b

3.0

B3b

Bb

91b

1
Means followed by the same letter within data columns
1 and 2 are not significantly different at the 5% level
according to Duncan's multiple range test.
2
Means followed by the same letter within this column
are not significantly different at the 5% level according to
Duncan's multiple range test.

rable 21.
Number of weeds per square meter at Cutler Dam on
June 14, 19B9, following fall stubble management practices
(Field Experiment Fl).

>tubble
nanagement

Stubble
density tjha

BROTE 1
Tillers 2

VERBI 1
Plants 2

LACSE 1
Plants 2

~on-burned

:heck
<on-burned
Hsked
7 all burned
?all burned
7 all burned
7 all burned
dis ked

3.0

Ob

27a

4b

3.0
3.0
5.5
B. 5

Ob
157a
47b
65b

Oa
BOa
2BOa
Oa

Ob
BOb
32Ba
112b

3.0

53b

oa

10Bb

1
Approved WSSA codes for downy brome, snow speedwell
<nd prickly lettuce, respectively.
2
Means within columns followed by the same letter are
tot significantly different at the 5% level according to
Duncan's multiple range test.
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disked treatment.

Increased broadleaf weed populations

should not be a major problem in CRP ground due to the
availability of selective broadleaf herbicides.
Jointed goatgrass plant and tiller counts in Field
Experiment F2 were similar to those in Field Experiment Fl.
In the non-burned disked plots, jointed goatgrass tillers
numbered 682 per square meter on May 20.

The non-burned

non-disked treatment averaged 412 tillers per square meter
on May 20 (Table 22).
In burned 5.0 tjha wheat stubble plots, jointed
goatgrass tillers averaged 100 per square meter (76 percent
control) in May counts compared to 412 tillers per square
meter in the non-burned non-disked treatment.

In the 8.0

tjha wheat stubble plots jointed goatgrass tillers numbered
71 per square meter (83 percent control), while in the 10.5
tjha stubble density treatment tillers numbered 41 per
square meter (90 percent control).
By June 14, jointed goatgrass tillers averaged 753/m 2
in the non-burned non-disked treatment.

The burn treatments

averaged 348, 329 and 144 tillers per square meter in the
5.0, 8.0 and 10.5 tjha treatments, respectively, providing
54, 56 and 81 percent control, respectively, when compared
to the non-burned non-disked treatment (Table 22).

Burning

followed by disking provided the second best control of
jointed goatgrass tillers by June in Field Experiment F2
resulting in 205 tillers per square meter (73 percent
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Table 22. Jointed goatgrass tillers per square meter at
Petersboro following fall stubble management practices
(Field Experiment F2).
Stubble
management
Non-burned
check
Non-burned
dis ked
Fall burned
Fall burned
Fall burned
Fall burned
dis ked
1

Stubble
density tjha

May 20, 1989 1

June 14, 1989 1

5.0

412b

753a

5.0
5.0
8.0
10.5

682a
lODe
71c
41c

969a
348b
329b
144b

5.0

51c

205b

Means within columns followed by the same letter are
not significantly different at the 5% level according to
Duncan's multiple range test.
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control).

In the non-burned disked plots, jointed goatgrass

tillers averaged 969 j m2 •
As in Field Experiment Fl, broadleaf weed numbers
increased in all burned treatments (Table 23).

There were

236 weeds per square meter in the burned disked plots.

This

compared to 8 broadleaf weeds per square meter in the nonburned non-disked plots.
By July 6, 1989, 414 jointed goatgrass plants per
square meter had emerged in the non-burned non-disked plots
(Table 24).

In these plots 90 percent of the goatgrass

plants had germinated from seed on the soil surface.

In the

5.0 tjha wheat stubble treatment there were 48 jointed
goatgrass plants per square meter, only 10 percent having
germinated from seeds on the soil surface.

This treatment

provided 88 percent control of jointed goatgrass plants and
54 percent control of jointed goatgrass tillers.

The 8.0

tjha wheat stubble plots averaged 49 jointed goatgrass
plants per square meter (88 percent control), with 3 percent
germinating from seeds on the soil surface.

In the 10.5

t/ha wheat stubble treatment there were 31 jointed goatgrass
plants per square meter, 9 percent originating from seed on
the soil surface with 92 percent control.

In the burned

disked plots, jointed goatgrass plants numbered 32 per
square meter (92 percent control).

Eight percent of the

jointed goatgrass seeds germinated on the soil surface.

In

non-burned disked plots, jointed goatgrass plants averaged
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Table 23.
Number of weeds per square meter at Petersboro on
June 14, 1989, following fall stubble management practices
(Field Experiment F2).
Stubble
management
Non-burned
check
Non-burned
dis ked
Fall burned
Fall burned
Fall burned
Fall burned
disked

Stubble
density t j ha
5.0
5 .0
5.0
8.0
10.5
5.0

TRAZX 1
Tillers 2

VERBI 1
Plants 2

LACSE 1
Plants 2

4b

4a

lJb
37ab
9b
45a

172a
157 a
135a
176a

Ja
5a
21a
Ja

12b

227a

9a

51 a

1
Approved WSSA codes for volunteer wheat, snow
speedwell and prickly lettuce, respectively.
2
Means within columns followed by the same letter are
not significantly different at the 5% level according to
Duncan's multiple range test.
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Table 24.
Number of jointed goatgrass plants per square
meter germinating above and below the soil surface on July
6, 1989, at Petersboro (Field Experiment F2).

Stubble
mangaement
Non-burned
check
Non-burned
dis ked
Fall burned
Fall burned
Fall burned
Fall burned
dis ked
1

Stubble
density tjha

Below soil
surface'

On soil
surface'

Total 2

5.0

43b

37la

414a

5.0
5.0
8.0
10.5

246a
43b
48b
28b

32b
5b
lb
3b

278a
48b
49b
3lb

5.0

29b

3b

32b

Means followed by the same letter within data columns
1 and 2 are not significantly different at the 5% level
according to Duncan's multiple range test.
2
Means followed by the same letter within this column
are not significantly different at the 5% level according to
Duncan's multiple range test.
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2 79 per square meter.

However, 88 percent of the goatgrass

plants germinated from seeds below the soil surface,
compared with 12 percent in the non-burned non-disked plots.
Fall disking may act as a drill and plant jointed goatgrass
seeds rather than bury the seed deep enough to prevent
seedling emergence.
In Field Experiment F3, spring burning provided
excellent control in treatments that had enough dry material
to carry a flame.

Two of three replicates of the burned 3.0

t j ha CRP stubble treatment had enough dry material to carry
a flame.
plot area.

The third replicate burned only 30 percent of the
All other plots burned completely.

Even though temperatures were low compared to fall burn
temperatures, control of live jointed goatgrass plants was
excellent (96 to 97 percent) over all burn treatments.

All

jointed goatgrass top growth was killed by burning. By July
surviving jointed goatgrass plants were regrowing from the
crown and only 1 to 2 inches tall with 1 to 2 leaves.

A

slow burn, as was the case in the spring, provided good
control by scorching live plants and killing leaves and
stems even though the fire did not actually consume the
green vegetation.

This may be an acceptable treatment when

some residue must be left on the soil surface to prevent
wind and water erosion (Table 25).

Field herbicide trials.

Control of jointed goatgrass with

herbicides was poor in Field Experiment F6.

Limited
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Table 25. Number of jointed goatgrass tillers and plants
per square meter before and after spring burning CRP stubble
at Cutler Dam (Field Experiment F3).
Stubble
management
Non-burned
check
Spring burned
Spring burned
Sp ring burned

Stubble
density tjha
3. 0
3 .0
5 .5
8 .5

Tillers 1
May 20, 1989
928a
917a
995a
976a

Live plants 1
July 6, 1989
986a
47b
35 b
49b

1
Means within columns followed by the same letter are
not s ignificantly different at the 5% level according to
Duncan's Multiple Range Test.

62
moisture was available when herbicides were applied, and no
measurable precipitation fell for over 30 days after
a pplication.

No statistical differences were observed

between the non-treated control and any of the herbicide
treatments.

Plant counts were done 35 days later on May 20,

1988, and are shown in Table 26.
Jointed goatgrass control with some herbicides in Field
Experiment F7 was measurable but not satisfactory.

Ethiozin

needs some incorporation to get the herbicide i nto the r oot
z one for uptake into the plant.

Snow and rain fell

immediatel y following application of herbicides.
this, moisture activity was expected to increase.

Bec ause of
Plant

counts on May 30 showed no significant difference between
herbicide treatments and the non-treated control.

Percent

stand reduction on May 30 showed that 1.12 and 2.24 kg aij ha
of diuron reduced winter wheat stands 40 and 60 percent,
respectively.

No other treatments caused measurable damage.

By August 1, 1989, ethiozin provided up to 50 percent
control of jointed goatgrass when tank mixed with
metribuzin.

The lower rates of ethiozin provided 30 and 35

percent control at 1.12 and 2.24 kg aij ha, respectively
(Table 27).
damage.

Winter wheat did not recover from t .he diuron
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Table 26. Effect of herbicide treatments on jointed
goatgrass populations at Lehi on May 20, 1988 (Herbicide
Experiment F6) .
Herbicide

Rate
kg ai j ha

ethiozin
ethiozin
ethiozin
metribuzin
ethiozin +
metribuzin
ethiozin +
metribuzin
control

1.12
1. 40
1. 68
0.426
0.84
0.28
1.12
0.28
NA

Plants per
square meter '
76a
65a
82a
82a
76a
77a
86a

1
Means within a column followed by the same letter are
not significantly different at the 5% level according to
Duncan's multiple range test.

Table 27. Effect of herbicide treatments on jointed
goatgrass populations at Logan (Herbicide Experiment F7).
Herbicide

Rate
kg aijha

ethiozin
ethiozin
ethiozin +
metribuzin
diuron
diuron
oxyfluorfen
oxyfluorfen
cyanazine
cyanazine
control

1. 68
2.80
1. 68
0.10
1.12
2.24
0.28
0.56
0.07
0.14
NA

May 30,
1989

August 1,
1989

___ % Stand reduction'_ __

5b
5b
15b

Ob
Ob
lOb

40a
60a
5b
5b
9b
8b
Ob

lOb
23a
Ob
Ob
Ob
Ob
Ob

1
Means within columns followed by the same letter are
not significantly different at the 5% level according to
Duncan's multiple range test.
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CONCLUSIONS

Burning of fields infested with jointed goatgrass is an
effective method of destroying jointed goatgrass seeds on
the soil surface or in the straw and chaff above the soil
surface.

Stubble densities must be near 5.0 tjha for both

fall and spring burns.

Fall stubble densities less than 5.0

tjha are not dense enough to generate maximum temperatures
necessary to destroy jointed goatgrass seeds.

Spring

stubble densities less than 5.0 tjha are not dense enough to
carry a flame through the desired burn area.
Fall burning can result in air temperatures high enough
to destroy the germinability of jointed goatgrass seeds on
the soil surface or in the straw and chaff above the soil
surface.

Jointed goatgrass populations can be reduced by as

much as 97 percent in the season following burning.

Fall

burning consumes virtually all residue on the soil surface,
leaving few jointed goatgrass seeds to continue propagation.
Spring burning kills nearly all living jointed
goatgrass plants, preventing existing plants from going to
seed.

Burning in the spring may be an effective method for

killing the jointed goatgrass plants when winter residue is
needed to prevent soil erosion.
Burning does not raise soil temperatures enough to
expect any control of buried jointed goatgrass seeds.
Temperatures in the soil climbed only slightly.
Shallow tillage alone tends to increase the incidence

65

of jointed goatgrass compared with non-tilled areas.
Shallow should not be used for a control method.

Tillage

following burning will not increase the percent control of
jointed goatgrass compared to burning alone.
Fall burning increased the broadleaf weed populations.
Broadleaf weeds were virtually absent in the non-burned nondisked areas.
Herbicides presently do not offer an effective
alternative for selective control of jointed goatgrass in
c ereal or grass crops.

Herbicides tested provided less than

5 0 percent control of jointed goatgrass.
Burning is an efficient and cost effective means of
controlling jointed goatgrass in winter wheat stubble and
CRP land.

Burning along with preventive and cultural

practices can help control jointed goatgrass.
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